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EXTRUDED 2L4S-T ALUMINUM ALLOY

By George J. Helmerl and J. Albert Roy
SUMMARY

Column and plate compressive strengths of extruded
2lis-T aluminum alloy were determined both within and
beyond the elastle¢ range from tests of thin-strip columms
and local-instabllity tests of F-, Z~,and channel-section
columns. These tests are part of an extensive research
investigation to provide data on the structural strength
of various aircraft materlals. The results are presented
in the form of curves and charts that are sultable for use
In the design and analysis of alrcraft structures.

INTRODUCTION

Column and plate members in an alrcraft structure are
the baslc elements that fall by lnstaebllity. For the
design of alrcraft of low weight and high structural
efficlency, the strength of these elements must be known
for the varicus aircraft materials. An extenslve research
program has therefore been undertaken at the Langley
Memorial Aeronautical Laboratory to establish the column
and plate compressive strengths of a number of the alloys
avallable for use in alrcraft structures. Parts of this
investigation already completed for various aluminum
alloys - 2}iS-T sheet, 178-T sheet, and extruded 75S-T ~
are glven in references 1, 2, and 3, respectively.

The results of tests to determine the column and

plate compressive strengths of extruded 24S-T aluminum
alloy are pressnted hereiln,
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SYMBOLS

length of columm
radlus of gyration
fixity coefficlent used in Euler column formula

effective slenderness raetio of thin-strip column

width and thickness, respectlvely, of flange of
H-, Z-, or channel section (see fig. 1)

width and thickness, respectively, of web of H-,
Z=-, or chennel section (see flig. 1)

corner radlus (see flg. 1)

nondimensional coefficient used with by and tw
in plate-buckling formula (see figs. 2 and 3
and reference l)

modulus of elasticity in compression, teken as
10,700 ksi for 24S-T aluminum alloy

nondimensional coefficlent for columns (The value
of T 1s so determined that, when the effectlve
modulus T8, 1is substituted for Ec in the

equation for elastic buckling of columns, the
computed critical stress agress wlith the
experimentally observed value. The coefficient
T 18 equal to unity within the elastlc range
and decreases with Increasing stress beyond

the elastic range.)

nondimenslonral coefflcient fcr compressed plates
corresnonding to T for columms

Polsson's ratlo, taken as 0.3 for 2S-T aluminum
alloy

critical compresslve stress
average compressive stress at maximum load

compresslive yleld stress
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METHCDS OF THUSTING AND ANMALYSIS

£11 tests were made 1n hydraullc testing machines
accurate within three-~fourths of 1 percent. The methods
of testing and analysls developed for thls research pro-
gram (reference 1) may be briefly surmarized as follows:

The compresslve stress-straln curves for the extruslons,
which 1ldentify the material for correlation with 1ts colummn
and plate compressive strengths, were obtained for the wlth-
graln dlrection from tests of slingle-thlckness compression
speclmens cut from the extruded H-sectlon. The tests were
made 1ln a compression fixture of the Montgomery-Templin
type, which provides lateral support to the speclimens
through closely spaced rollers.

The column strength and the assoclated effective
modulus were obtained for the with-graln directlon by the
use of the method nresented in reference 5, 1n which thin-
strip columns of the materiel were tested with the ends
clamped in flxtures that preovide a high degres of end
restralnt. The flxtures have been lmproved and the method
of analysis has been modifled since publication of refer-
ence 5. The method now used results in a column curve
representative of nearly perfect column specimens. In
addltlion, the method now takes into account the fact that
columns of the dimensions tested are actually plates with
two free edges. These columns were cut from the flanges
of the H-section adjJacent to the Junctlion of the web and
flange.

The plate compressive strength was obtained from com-
presslion tests of H-, Z-, and channel-section columns so
proportioned as to develop local 1nstabllity, that 1is,
instability of the plate elements. (See fig. L.} Extruded
H-sectlons having two different web widths were tested;
the flange widths for each were varled by milling off
porticns of the flanges. The flanges of some of the H-
section extrusions were removed in such a way as to make
Z- or channel sections as desired. The flange widths of
the Z- and channel-section columns were varied in the same
manner as the flaenge widths for the H-section columns.

The lengths of the columns were selected in accordance
with the principles of reference 6. The columns were
tested with the flat ends bearing directly against the
testing-machine heads. In these local-Instabllity tests
measurements were taken of the cross-sectional distortion,
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and the critleal stress was determined as the stress at

the polint near the top of the knee of the stress-distortion
curve at whilch a marked 1lncresse ln dlstortion flrst
occurred with small increase 1n stress.

A cdeparture from the method of analysis presentsd 1n
reference 1 1s that the inside face dlmensions were used
to define bp and by in the eveluation of ocr/h by
means of the equations and curves of figures 2 and 3.
Thils definltion of by and bw fer extruded sectlcns -

with small fillets was previcusly ussd in reference 3 in
order that the theoretical and experimental buckling
stresses would agree within the elastic range. For formed
Z=- and channel sections with an lnside bend radlus of
three times the sheet thickness (referencesl and 2}, bF

and bw were deflned as center~line wldths with square
corners assumed.

RESTLTS AND DI3CUSSION
Compressive Streass-8traln Curves

Compressive stress-straln curves for extruded 244S-T
aluminum alloy, which were selected as typlical or average
curves for the column materlal, are given 1in figure 5.
These curves were obtained from tests of compression
speclimens cut from the flanges of the extrusions adjacent
to the Junction ‘of the web and.flanges as shown in figure 5.

In order to study the varlation of the .compressive
proverties over the cross sectlons, surveys were made of
the extrusion by tests of compression speclmens cut from
the web and flanges .of the H-sectlions, A typical varlation
of the compressive yleld stress o, over the cross

section 1s shown in figure 6. Values of © at the outer
part- of the flanges are generally higher thgg those for the
inner part of the flanges; the lowest values of Ocy Were
found 1n the wsb in all cases, The strass-strain curves

of figure 5, revpresentative of thes material in the flange
adlacent to the web, therefore usuelly show conservative
values of Og for the flange and unconservative values

of Oey: for ¥he web. :

The columns to which a particular- stress-straln .curve
applles are Indicated in table 1 together with the value
of the compressive yleld stress for that stress-strain
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curve. These values of 0, for the withe-graln direction
average about 50 ksl. The Eodulus of elasticlty in com-
pression was taken as 10,700 ksi, .the present accepted
value for 2S-T aluminum alloy. :

Column and Plate COmpressiﬁe Strengths

Because the compressive propertles of an extruded
aluminum alloy may vary conslderably, the data and charts
of thils report should not be used for design purposes for
extrusions of 24S-T aluminum alloy that have apprecilably
different compressive properties from those obtalned in
these tests, unless a sultable method 1s devised for
adjusting test results to aceount for variations in.
material properties. The results of the column and local=-
instabllity tests for extruded 2,S-T aluminum alloy are
summarized herein; a discussion of the baslc relationships
is given in reference 1.

Column strength.- The column curve of figure 7 shows
the results of the thin-strip. column tests for the wlith-
grain direction. The reduction in the effectlve modulus
of elasticity 171E., with increase ln column stress 1is
" Indicated by the variation of T wlth stress shown in

figure 8.

Plate comnressive strength.=-The results of the local-

“1nstebllity tests of the H-, Z-, and channel-sectlion
colums used to determine the plzte compreassive strength
are given in tables 2, 3, and lj, respectively. The plate=-
buckling curves, analogous to the column -curve- of flgure 7,
are shown in figure 9. The-reduction of the effectlve
modulus of elasticity mE, wlth ilncrease in stress for
compressed plates 1s indicated by the varlation of n
with ' stress, whieh i1s shown along with the curve for 7
-in figure 8. The crossing of the T-: and m-curves shown

in figure 8 occurs.because.the H-, Z-, and channel~-section
columns used to obtaln the n—-curves apperently had an .
- appreciable degree of imperfection, which resulted 1ln the
deviation of the ®-curves from unity at a lower stress
than that at which the p-curve, representative of nearly
poerfect columns, dliverges from unity.

The ‘varlation of the actual critical stress Ogpn
"wlth the theoretical eritical..stress °hr/h computed for

elastic buckling by means of the formula and charts of
figures 2 and 3 is shown in figure 10,
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In order to lllustrate the difference between the
critical stress o.p and the average stress at meximum
load Omax, the variation of Ogp With Ocpn/Omax 18
shown In figure 11. Because values of Opgy may be
required in strength calculations, the variation of Opgy
with Gep/m 1s shown in figure 12.

Flgures 9 to 12 show that the data for H-sectlons
described curves different from those indicated for Z- and
channel sectlons. One of the reasons why higher values of
Omax Wwere obtained for H-ssctions than for Z- or channel
sections for a given value of Ocr/h (fig. 12) may be the
fact that the high-strength materlel in the flanges (fig. 6)
forms a hlgher nercentage of the total cross-sectional
area for the H-sectlon than for the Z- or channel section.
For the H-sectlon, Tpgx 18 increased over the value for
the Z- or charnel section over the entlre stress renge
covered in these tests (fig. 12); Oqp for the H-section,
howsver, 1s Increesed only for stresses beyond the elastic
renge (fig. 10).

Langley Memorlal Aeronautlical Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va.
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COMPRESSIVE PRCPFRTIES OF EXTRUDED 24S-T ALUMINUM ALLOY
[_Ec = 10,700 ksi]

Columns to whlch stress-strain
curves apply Stress- |[Compresslive yleld
strain stress, Ogy
Designation curve
Type (tebles 2 to L) (fig. 5) (ksl)
Thin strip All { A 50.9
H 5a, 5b,6a, 6b,6c, Ta, B 52.1
70, 7c, 8a, 9a, 9b
2b, 3a L6.1
T la, 1b, lec, 2a, 2c, D L7.0
3b, 3c, lLa, U4n
H l 8b E 52.5
8 B 52.1
Z 3, )-l-as )-‘-bs )-l-cn 5a, ’-|-6-1
5b L
zZ 1, 2a, 2b, 2c : D 47.0
Z i 9a, 9b, 10a, 10b, ! E 52.'5
| 10¢ |
Z ba, 6b, b6¢c, Ta, Tb, F 51.6
Te i
Channel a, 3b, 3c, 3d, ha,' ¢ Lé6.1
b! c! d! e! "-I-f,
5&, 5bl 5c
Channel la, 1b, 2a, 2b D h7.0
Channel 8a, Eb, 8c, 9a, 9D, | 52.5
9¢, 10a, 10b, 10c
Channel 6éa, 6b, 6¢c, Ta, Tb, F 51.6
fc .

NATTONAL ADVISCRY
COMMITTEE FOR ATRONAUTICS




TABLE 2.~ DIMENSIONS OF COLUMNS AND TEST RESULTS

FOR EXTRUDED 2LS-T §-SECTIONS

%er
colum | *w tp by bp r | & kil R B By [12(1-p2) - %er
(in.) | (1n.) | (tn.y | (Ina) [ (dno) | PW | b tw | P |r1g.2) | bW ky (¥=§’ (kst)
a .

la 0.123 10,128 | 1.61 | 0.99 | 7.91 {L4.91}0.960} 13.07(0.61L| 2.00 20.5 113.2 | 55.8 57.6
1b .12 1281 1.62 .99 1 7.91 |L.88Y .965] 13,09 .610| 2.01 30. 113.4 55.1 57.6
lc a2 128 1.62 .99 g. 1 [4.88) .965] 13,06 .610| 2.01 50.3 114.0 55.1 573
2a a2 | 128§ 1.61 ] 1.09 .76 5.4 L9686 12.99] .677| 1.67 %3 ,2 95.5 52.4 55.6
2b Jd2h | .129| 1.62 | 1.09 | 8.76 [5.41] .963] 13.06| .673| 1.69 23,2 95, 52.7 53.8
2¢ a2 L1281 1.61 | 1.09 | 8.7k [5.43] .966| 12.99| 677 1.6g 33,2 95.7 21.0 5ﬁ.7 .
Za Jd2h | .12 1.61 ] 1.17] 9.51 2.91 962 12.97| .727| 1.4 35,3 .8 9.9 51.1 !
2b .12 .12 1.61 | 1.17 ] 9.66 |6.00] .968| 12.96}1 .727| 1.47 35,3 8.6 50.1 51.8 ¢

c a2 | .128( 1.61| 1.17| 9.66 | 6.00] .968]| 12.96! .727 1.hz 35.8 8%.6 31.8 Rz.u :
a a2 | .128| 1.61| 1.34 |10.85 |6.74] 965 12.98] .832] 1.1 39, €6.6 6.7 7.3
) g2 | 129 | 1.62 | 1.3L [10.85 | 6.70| .963| 13.06| .827} 1.17 29.9 66.3 L6.7 L7.5
Sa 116 | 120 2.76| 1.10 | 11.h49 jL.16] 969§ 23.78] .399| 3.79 0.l 64.8 Lh7.7 48.3
R A I A I A e A L I i 2'§% §°-1 g e
3 . . . . 14, . . . . . . . . .
6b J16 0 .120] 2.76 1.%9 1&.23 %.21 .36 2%5.85¢ .50L4] 2.75 h%,% uZ.é ﬁ%.? ﬁz.%f
bc L1151 120 2.75( 1.39 1&.&3 5.23] 9671 23.81| .505| 2.72 7.7 Loy 1 1.2 42.5
Ta A15 | 119 | 2.76 1.67|15. 5,61 .96l | 2[,.03| .605 2.02 55.1; 3L.3 32,6 32.2J
7b a1 119 2.73 1.67 | 15.49 | 5.63 '96ﬁ 23.97| .607| 2.0 55.0; 3&.3 32,6 | Z6.
7e .11 JA19 ] 2.7 1.67 15.%7 2.65 .9 23,65 .609| 1.99 g .% 2. 22, 37.2°
Ba L1 | .119 2.7% 1,97 | 16.6L | 6.07| .961| 2L.01] .719} 1.51 &L, 22.5 22. 35.2
8v 151 .120) 2.7 1.93 16.3 6,00| .958| 23.98 .gog 1.56 63,1 26.2 26. 35.6
9a JA15 1,120 2,74 2.2L 4 7. 6.51f .955| 23.92| .818) 1.20 72,2 20.3 20.1 33,8"
9b 16| J121 | 2.7 2.24 |[17.84 | 6.51) L9471 23.93| .618| 1.22 1.6 20.6 20.1 33,8

a

2. . 2
Jer _ ¥ymEcty” | where E, = 10,700 ksi and y = 0.3.
12(1-p2 )by

NATIONAL ADVISORY
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TARLE 3.~ DIMENSIONS OF COLUMNS AND TEST RESULTS
FOR EXTRUDED 24,S~T Z-SECTIONS

o g
t b _cr -3
Column o tF b" bF L T,L:; 'tl -}-! EF_ kw .b_w M n Ger max
(1n.) | (1n.) | (1n.) | (in.) | (in.) F | Yy W g, 3| tw ko (%s%) (ks1) (ksi)
: a

1 0.124 | 0.128 | 1.62 | 0.98! 6,11 |3.77 10.96L | 13.09|0.602]| 2.31 28.4 130.4 55.2 58.1
2a 231 .128| 1.62 | 1.00 6.hz 2,99 | .960 | 13.15{ .615| 2.2, 29.0 125,.3 53.0 sz.o
2b 23 | 128 1.62 | 1.00| 6.U .99 | .959 1| 13.16| .615] 2.24 29.1 125.1 ol 56.14
2¢ 1231 ,128| 1.62 | 1.0t Z.oo .32 | .959 | 13.17| .623| 2.20 29.3 122, 5h.1 56.5
1261 131 1.62 | 1.0 .37 [3.9% | .965 12.8%) .673) 1.92 30.6 112, 52.8 53.9
ﬁ- 126 | 30| 1.62 | 1.1B| 6.95 (.29 | (966 12.86| .728] 1.68 32.8 97.6 50.1 51.9
Lb A2 | 129 1.62 | 1.18] 6.95 {4.29 9631 13,03| .728 1.6g 33,3 95.1 50.5 53.1
Le 125§ 129 1.62 | 1.17 6.29 h.ZI 970 | 12.93 ggz 1.6 33,0 97.2 32.1 32.6
Sa .122 29 1.62 ) 1.34) 7.46 {L.60 9zz 12.921 . 1.33 37.0 77.0 Z.g 7.9
5b .12 2129 | 1.61 | 1.35| 7.52 [L.67 9 12.92| .839| 1.31 37.3 75.9 L. 4s.2
6a 1L [ J121 ] 2.75 | 1.0 .86 {3, 2h.oli .396| 3. 0.0 66.1 . .0
6b 15| .118 2.72 1.18 13.01 3.23 3%5 2&.0% . go ?.%? ﬁo.} 6%.9 ﬁ?.? ﬁ;.a
6c .11 JA21 | 2.7 1.11] 9.93 z.ée 9L8 1 23.90( .LoO5] 3.90 Lo.0 66.0 46.3 L7.2
78 .11 J21 1 2.75 1.38 11.98 |L.36 olé | 2li.10f .502| 3.07 h5.5 31.1 h2.2 43.2
7b .11 .118 2.72 1.40{11.99 |L.26 972 | 23.,99| .509{ 2.94 16,2 9.% hl.g ha2.h
gc .11 121 2.7 1.33 11.33 L.34 oL8 | 2L.15) .50 3.03 L45.7 50. L2, L3.5
.11 J19 1 2.76 | 1.6 . 5.97 | 995 2.21 09} 2.2 53.0 37.6 3%.6 37.%
9a .11 120 2.76 | 1.96(16.L48 [5.97 965 | 23,83 .710| 1.75 59.3 29.8 28.2 35.0
9b J16 1 119} 2.76 | 1.96(16.48 5.27 972 23,81 710! 1.73 99. 22.5 28,0 3.8
10a W11 123 2.72 2.25(17.78 |6.47 953 | 23,51| 818 1.38 66.2 2.1 2.0 3&.%

10b .11 122 2.7 2.25117.75 |6.43 956 | 23.72| .815} 1.39 66.5 23,9 23,3 23,
10¢ J16 121 2.76 | 2.25(17.59 |6.37 959 | 23.,69{ .815| 1.38 66.7 23,7 22.5 33,1

2 2
o
cr _ MW Ecty | yhere E,

12(14%)n, 2

10,700 k=i and p = 0,3,
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TARLE 4.~ DIMENSTONS OF COLUMNS AND TEST RESULTS

FOR EXTRUDED 2LS-T CHANNEL SECTIONS

2 2
%cr _ kw" Botw | where B,
12(1-pz)b‘?

= 10,700 ksl and p = 0.3.

~ NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(o
t t Oep o, = cr
Column w P by bF' L A t_w bW .EE byy 12(1- 2) - cr Cmax me
(in.) | (In.) | (In.) | (in.) | (in.) | By tp T'w 5. |(fig. 3) 't_w iy (ksl) (ksi) (ksl)
v (a)
la 0.12 0.12 1.61 0.9 6.10 | 3.7 0.960 | 13.04 | 0.613] 2.2 28.7 128.0 5L.0 57.8 {0.93
1b .12 .12 1.61 .98 6.09 3.73 .967 | 12.99 .606 2.23 28.5 129.3 52.8 SZ-S .95
2a .123 .128 1.61 <99 6.50 | L.ok .96l | 13.05 613 | 2.25 28.7 127.8 56.1 56,5 | <993
2b 123 .128 1.60 .99 6.48 | L.05 .959 | 132,01 620 2.20 29.0 125.7 55.2 56.6 975
3a J125 | .129 | 1.63 | 1.08 1 6.5 | 3.96 | .971 | 13.03 | .663| 1.91 31.1 109.0 51.6 54.5 | .947
3b .125 .129 1.61 1.09 6.39 3.97 .966 | 12.91 771 1.90 31.0 110.2 52.Z Sho6 | 9 a
3c .12 .129 1.61 1.09 6.46 .01 966 1 12.91 6771 1.90 31.0 110.2 52. 8h.9 | 9
ﬁs W12 .129 1.61 1.09 7.00 u.ag .966 | 12.93 8771 1.90 31.0 109.9 25. 5L.6 | .9Bo
2l .129 1.60 1.17 7.00 | L.3 .962 | 12.90 731 1.66 33,1 96.5 9. 51.2 .92
Lib .125 +130 1.61 1.17 6,96 | L.32 961 | 12.91 727 1.67 23,1 96.9 L9, 51, 961
Le 125 2130 1.61 1.15 6.96 | L.32 .96 12.83 .72 1.67 22.8 98.1 L5.9 52.1 | .958
d 12 .12 1.62 1.1 6.9% .28 .94 13.00 .72 1'6Z 32,2 95.6 50.6 51.2 9%5
o 12 .12 1.61 1.18 6.9 L.32 560 | 12.95 733| 1.6 23,2 95.7 51.2 62. 975
ol Em valin| TRl selte | 22 tn | ae 2:3 | 63| | 38
e . . . . . . .9 . . . . o . . .
b .122 .12 1,62 1.3] 7.0 L.57 .96% | 13,00 .827 1.53 37.1 T76.7 L7.0 L8.7 | .965
5¢ .12k .129 1.60 1.35 7.47 | L.67 962 | 12,86 84| 1.29 27.4h 5.4 L6.3 L8.L | .957
ba .11 .119 2.7 1.10 | 10.00 | 3.64 96l | 23.87 Jioo| 3.88 Lo.1 65.8 L6.2 L6.8 | .987
éb L1 .119 2.7& 1.11 | 10.00 | 3.6 .959 | 23,99 140 3.82 Lo.h 6%.7 L6.8 L7.L | .987
bc A1 .122 2.75 1.11 | 10.00 E.é 93 2l.0 40 3.9 40.0 66.0 46.5 L7.2 | .98
Ta A1l .120 2.76 1.0 | 12.03 .3 .9 2h.1 507 | 3.00 L6.1 49.8 3.1 ﬁz.e .98
Tb .11 .119 2.74 1.40 | 12.02 { L1.39 .9 23,89 .511 2.9g 6.1 L9.8 431 .0 | .98
ge .11 119 | 2.79 1.%0 12.06 | L.39 | .957 j 24.09 | .509( 2.9 L6.1 hg.7 L3.4 h%.l .98l
a .125 .120 2.76 1.68 | 15.46 | 5.60 | 1.0 22,07 L6091 2.10 50.3 L2.5 37.9 38,9 | .964
Bb .125 .120 2.76 1.68 | 15.44 5.29 1.042 | 22.11 609! 2,10 50, hl.g 27.6 28,7 | .972
8¢ .12 .120 2.76 1,68 | 15.47 | 5.61 | 1.0L2 | 22,04 .609| 2.10 50.3 h. 27.9 38.9 | .97k
9a .12 .120 2.72 1.96 | 16.30 | 5.93 1.032 21.97 713 1.57 5%.9 31.5 30,2 35.5 | .851
9b .125 <120 2.7 1.98 | 16.30 | 5.91 | 1.0 22.01 .717] 1.54 5 .E 30.7 30.1 52.7 B3
9¢ .12 »121 2,76 1.97 | 16.30 Z. 1| 1.041 | 21.99 1] 1.59 28. 31.0 30.6 6. | .84
10a 12 .121 2.76 2.2 | 17.80 A5 | 1.046 | 21.82 812 1.zg .0 25.8 2h.0 2.0 | 706
10b .12 121 2.76 2.2 17.85 | 6.47 | 1.047 | 21.72 .8081 1.2 6&.& 26.2 2h.1 33,3 .Zah
10e .12 Jd21 2,76 2.2 17.80 | 6.45 | 1.04L | 21,90 8121 1.27 6l.2 25.6 23.5 35,6 | .660
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Fig. 6 ' NACA ARR No. L5FO08D
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Figure 6. - Variation of the compressive yield
stress over the cross section of an extruded
H-section of 24S-T aluminum alloy. (Values in ksi)
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Figure 8. - Variation of T and 71 with stress for
extruded 24S-T aluminurm alloy. ocy = SOksi.
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Figure 9.-Plafe-buckling curves for extruded
24 S-T dluminum alloy obfained from fesfs of
H-,Z-,and channel-section columns. Gey=S0Ksi.
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Figure 10.-Varidtion of o with aor/m for plafes of
extruded 24S-T aluminum alloy obfained from fests of

H-, Z~ and channel-section columns.  ay - 30 Ksi.
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Figure 1l.- Variation of og with Om/é’max for extruded
24S-T aluminum - alloy H- Z- and channel -section
columns. Gey =50 Kksi.
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Figure 12.- \ariafion of Gmax With  cer/m for extruded
24 5-T aluminum -alloy H= Z -, and channel -section

columns. Ccy = 50 ksi.
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